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2.7 REACTOR CORE ISOLATION COOLING SYSTEM 
 
Learning Objectives: 
 
1. Identify the purpose of the Reactor Core Isolation Cooling (RCIC) system. 
 
2. Recognize the purpose, function and operation of the following RCIC system major 

components: 
a. Steam Supply Isolation Valves 
b. Steam to Turbine Valve 
c. Turbine Trip and Throttle valve 
d. Turbine Governor valve 
e. Turbine 
f. Oil System 
g. Line Fill system 
h. Suppression Pool Suction Valve 
i. Condensate Storage Tank Suction Valve 
j. Pump  
k. Discharge Valve 
l. Full Flow Test Valve 
m. Flow Controller 
n. Barometric Condenser and Receiver 
o. Minimum flow valve 
p. Cooling isolation valve 

 
3. Recognize the following flowpaths of the RCIC system: 

a. Steam Supply and Exhaust 
b. Injection Flow 
c. Test Flow 
d. Line Fill 
e. Pressure Control mode of operation 
f. Minimum flow 
g. Cooling flow 

 
4. Recognize the plant parameters which will cause the following: 

a. Automatic Initiation 
b. Automatic Isolation 
c. Automatic Turbine Trip 
d. Suction Path Transfer 

 
5. Recognize the system’s normal standby alignment and how the system will respond 

following:  
a. RCIC Initiation 
b. RCIC Isolation 
c. High reactor vessel level (Level 8) 
d. Loss of all AC power 
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6. Describe how the RCIC system interfaces with the following systems: 

a. Main Steam System (Section 2.5 
b. Condensate and Feedwater System (Section 2.6) 
c. High Pressure Coolant Injection System (Section 10.1) 
d. Nuclear Steam Supply Shutoff System (Section 4.4)  
e. Primary Containment System (Section 4.1) 

 
2.7.1 Introduction 
 
The purpose of the Reactor Core Isolation Cooling (RCIC) System is to provide makeup 
water to the reactor vessel for core cooling.  RCIC performs this function when the main 
steam lines are isolated or the condensate and feedwater system is not available.  The 
RCIC system is capable of maintaining vessel inventory 15 minutes after reactor 
shutdown.  The RCIC system is lined up such that it can initiate with a complete loss of 
AC power.  All valves required to support initiation are either DC powered or open in the 
standby lineup.   
 
The functional classification of the RCIC System is that of a safety related system.  Its 
regulatory classification is an engineered safety feature (ESF) system.  RCIC 
functionally backed up by the High Pressure Coolant Injection (HPCI) System (Section 
10.1). 
 
2.7.2 System Description 
 
The RCIC System (Figure 2.7-1) utilizes a steam turbine driven pump for delivering 
water to the reactor vessel.  Steam from main steam line "A", upstream of the main 
steam isolation valve (MSIV) drives the RCIC turbine.  The steam from the RCIC turbine 
exhausts to the suppression pool. 
 
The RCIC System is normally aligned with its suction from the condensate storage tank.  
The alternate RCIC suction source is from the suppression pool.  The RCIC pump 
discharge is routed to the reactor vessel via the 'A' feedwater line.  Additional discharge 
flow paths are provided for the following: 
• the condensate storage tank for system testing 
• the suppression pool for pump minimum flow pump protection 
• the suppression pool to receive non-condensable gases from the barometric 

condenser.  
 
Following a reactor scram from power operation, fission product decay continues to 
produce heat (decay heat).  The RCIC System can be manually initiated by the operator 
or it initiates automatically at Level 2 (-38").  The steam to turbine valve will close at 
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Level 8 (+56.5").  The system can cycle between Level 2 and Level 8 without operator 
action. 
 
2.7.3 Component Description 
 
The components which make up the RCIC System are discussed in the following 
paragraphs. 
 
2.7.3.1 Steam Supply Isolation Valves 
 
The steam supply to the RCIC turbine (Figure 2.7-1) taps off the 'A' main steam line on 
the reactor side of the inboard MSIV.  There are two Steam Supply Isolation valves in 
the RCIC system each with an associated warm up isolation valve.  The steam warm up 
isolation valves (MOV 47 and MOV 48) are open to maintain the steam lines ready for 
RCIC initiation.  The Inboard steam isolation valve (MOV 41) is A.C. powered and 
maintained open in the standby line up.  The Outboard steam supply isolation valve 
(MOV 42) is DC powered and closed in the standby line up.  Both of the steam supply 
isolation valves will open if there is a RCIC initiation signal.  All four of the RCIC steam 
line valves will close if there is a RCIC isolation signal 
 
2.7.3.2 Steam to Turbine Valve 
 
The steam to turbine valve (MOV 43) is normally closed to isolate steam to the RCIC 
turbine in the standby condition.  The valve is DC powered and will automatically open 
on a RCIC automatic initiation at Level 2 (-38").  The turbine steam supply valve will 
automatically close on a Level 8 (+56.5"). 
 
2.7.3.3   Turbine Trip and Throttle Valve 
 
The turbine trip and throttle valve (MOV 44) (Figure 2.7-2), is located just upstream of 
the governor valve.  The trip and throttle valve provides for rapid turbine tripping under 
various conditions.  This valve is open in the standby condition.  It can be used to 
throttle steam flow to the RCIC turbine if the governor valve fails open.  
 
When the RCIC turbine receives an electrical trip signal it releases a latch on the 
traveling nut.  The closing spring then forces the traveling nut and valve stem down to 
the closed position.  After an electrical trip the motor must be first closed, to re-latch the 
trip portion of the valve, and then re-opened.   
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Opening the motor lifts the valve stem since the traveling nut is prevented from moving 
downward by the trip mechanism latch.  The mechanical trip releases the same latch, 
but is independent of the electrical trip mechanism.  A mechanical over speed trip must 
be reset at the RCIC turbine by manually latching the trip portion of the valve.   
 
2.7.3.4 Turbine Governor Valve 
 
The governor valve is controlled by an electro hydraulic system.  The valve is opened 
by spring force and closed by RCIC turbine governor control oil pressure.  The turbine 
speed is controlled by the control oil pressure, which is opposed by the spring force.  
The RCIC flow control circuit (Section 2.7.4.1) determines what the valve position 
should be. 
 
2.7.3.5 RCIC Turbine 
 
The RCIC turbine is designed to rapidly accelerate from standby to the full load 
condition within 30 seconds.  The RCIC turbine is a horizontally mounted radial re-entry, 
non-condensing Terry turbine.  The RCIC turbine is designed to operate with a steam 
supply pressure ranging from 150 to 1135 psig.  The RCIC turbine exhausts to the 
suppression pool under water. 
 
2.7.3.6 RCIC Turbine Auxiliaries 
 
The RCIC turbine auxiliaries consist of: 
• the oil system 
• the barometric condenser system 
• the line fill system 
 
These systems are described briefly in the following paragraphs. 
 
2.7.3.6.1 RCIC Oil System 
 
Lubricating oil is supplied to the RCIC turbine and pump bearings.  RCIC control oil is 
supplied to the governor valve.  A small gear pump is driven by the RCIC turbine worm 
gear.  As the oil pump is driven off the RCIC turbine, oil pressure varies with turbine 
speed.  The RCIC governor valve limits minimum turbine speed to 1000 rpm to maintain 
a minimum oil pressure.  At normal operating speeds a spring loaded pressure 
regulating valve recirculates any excess oil to the oil pump suction.  This regulating 
valve limits the system oil pressure to approximately 15 psig. 
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2.7.3.6.2 RCIC Barometric Condenser System 
 
The barometric condenser system is supplied with the turbine.  The barometric 
condenser system prevents leakage from the turbine shaft seals and exhaust casing 
drain.  The system includes a barometric condenser, a vacuum pump, and a 
condensate pump.  The system may be manually started or it will automatically start 
with the RCIC System. 
 
Steam leakage is collected in the barometric condenser from: 
• the turbine gland seals 
• the turbine trip throttle valve and governor valve stems 
• the turbine exhaust drainage 
 
The steam collected is condensed by spraying water from the RCIC pump discharge 
through the lube oil cooler and a pressure regulating valve.  Liquid from the spray and 
condensed steam is collected in the barometric condenser.  This liquid is pumped back 
to the suction of the RCIC pump by a 125 VDC powered condensate pump.   
The condensate pump will cycle on high and low level signals when the RCIC turbine is 
running.  When RCIC is in standby, two air operated valves drain the barometric 
condenser to clean radwaste.  These air operated valves also cycle on high and low 
level to drain the barometric condenser.  A 125 VDC powered vacuum pump removes 
non condensibles from the barometric condenser.  These non-condensibles are 
discharged to the suppression pool.  A valve in the vacuum pump discharge line will 
open if the barometric condenser vacuum is excessive.  This valve opens to direct non-
condensibles back to the condenser, removing the excess vacuum. 
 
2.7.3.6.3 RCIC Line Fill System 
 
The RCIC system is designed to inject into the reactor vessel within 30 seconds of 
initiation.  The line fill pump takes suction from the condensate storage tank (CST) 
suction line and discharges at 40 psig to the RCIC discharge line.  Maintaining the 
piping full minimizes the RCIC injection time and prevents piping voids that could cause 
a water hammer. 
 
2.7.3.7 RCIC Turbine Exhaust Path 
 
The RCIC turbine exhaust line routes steam from the RCIC turbine to the suppression 
pool below the normal water level.  After RCIC operation, steam in the RCIC exhaust 
line condenses, drawing a vacuum in this line.  Vacuum breakers installed on the 
exhaust line prevent having this vacuum draw suppression pool water into the line.  The 
exhaust line may be isolated by a manual valve. 
 
The exhaust line is protected from over pressure by a RCIC turbine trip on high exhaust 
pressure.  The high exhaust pressure trip is backed up by a set of mechanical rupture 
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diaphragms.  These rupture diaphragms will relieve pressure to the RCIC room.  The 
inboard rupture diaphragm constantly sees RCIC turbine exhaust pressure.  The 
outboard rupture diaphragm will only see exhaust pressure if the inboard one fails.  The 
space between the rupture diaphragms has pressure switches which initiate a RCIC 
isolation if the inboard rupture disc fails. 
 
2.7.3.8 RCIC Pump Suction Path 
 
The RCIC system can take suction from the CST or the suppression pool.  The normal 
suction is from a 6 inch line off of the 16 inch common HPCI System suction from the 
CST.  This CST suction line is lower than other system suction lines to ensure a 
reserved volume of water for HPCI and RCIC. 
 
The suppression pool suction is from a 6 inch pipe that includes a stainless steel suction 
strainer.  The strainer is located above the suppression pool bottom to minimize 
plugging. 
 
The suction will swap from the CST to the suppression pool if the CST level becomes 
low. 
 
2.7.3.9 RCIC Pump 
 
The RCIC pump is a turbine driven, horizontal, multi-stage, centrifugal pump.  It is 
designed to deliver 425 gpm.  25 gpm is circulated through the turbine auxiliaries 
leaving 400 gpm to discharge into the reactor vessel.  This flow rate is equal to the boil 
off rate from the reactor 15 minutes after shutdown.  The pump minimum NPSH 
requirement is achieved by locating the pump lower than either suction source of water. 
 
2.7.3.10 RCIC Pump Discharge Path 
 
The RCIC pump discharges flowpath includes: 
• a system flow element 
• 2 discharge valves 
 
From there, RCIC injects into the 'A' feedwater line.  This allows the feedwater spargers 
to distribute flow inside the reactor vessel.   
 
The cooling water line for turbine auxiliaries and the pump minimum flow line to the 
suppression pool tap off before the flow element.  A full flow test line (shared by the 
HPCI System) taps off just downstream of the first discharge valve. 
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2.7.3.11 RCIC Valve Controls 
 
The major RCIC System valves respond to automatic inputs from the RCIC initiation, 
automatic isolation or turbine trip circuits.  In addition they may be remotely operated 
from the control room or remote shutdown panel. 
 
Except for the inboard steam line isolation valve, power for valve operations is from 125 
VDC.  The inboard steam line isolation valve uses emergency 480 VAC bus power and 
is normally open. This allows the RCIC system to operate if all AC power is lost to the 
station. 
 
2.7.4 System Features and Interfaces 
 
A short discussion of system features and interfaces this system has with other plant 
systems is given in the following paragraphs. 
 
2.7.4.1 RCIC Flow Controller 
 
The RCIC System utilizes a flow controller (Figure 2.7-3) to automatically or manually 
control system flow.  Selection of either the automatic or manual mode is performed by 
the control room operator.  In the automatic mode (normal position), the controller 
compares actual RCIC System flow with the desired flow.  Any deviation is converted 
into a hydraulic signal that positions the governor valve to balance the two flow signals.  
In the manual mode the operator controls RCIC system flow by adjusting the flow 
controller manual potentiometer. 
 
2.7.4.2 RCIC Automatic Initiation 
 
The RCIC System is automatically started if reactor vessel water level decreases to 
Level 2 (-38").  The initiation logic uses a one-out-of-two taken twice configuration.  The 
initiation logic is also actuated by an arm and depress pushbutton in the control room on 
Panel 602. 
 
When the initiation signal is received, several actions occur automatically: 
 
• The system's outboard steam isolation valve will open. 
• The turbine steam supply to turbine valve will open. 
• The RCIC pump minimum flow valve opens on low system flow with a high pump 

discharge pressure.  (When system flow is above the setpoint the minimum flow 
valve will close.) 

• The inboard RCIC pump discharge valve to reactor opens and stays open until the 
turbine trips or the turbine steam supply valve closes. 

• The RCIC test valve will close if open. 
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• The normally open outboard RCIC pump discharge valve receives an open signal. 
• The normally open CST suction valve receives an open signal. 
• The barometric condenser's vacuum pump starts. 
• The barometric condenser's condensate pump will cycle on high/low level. 
 
The steam line drain valves to the main condenser and the condensate pump drain 
valves to CRW close when the steam supply to turbine valve is fully open. 
 
As turbine speed increases the oil pump builds up oil pressure and the flow control 
system throttles the turbine governor valve.  Pump flow and discharge pressure will 
increase until a flow of 400 gpm is achieved.  
 
Once initiated, the RCIC System remains in operation until an automatic isolation, 
turbine trip, or Level 8 signal is received.  The RCIC system may also be manually 
shutdown by the operator. 
 
2.7.4.3 Test Features 
 
Pump operability and flow tests manually start the system and pump back to the CST 
via the test bypass to the CST (MOV-37).  System design flow and pressure conditions 
are achieved by adjusting MOV-37 and the flow controller. 
 
2.7.4.4 Automatic Isolation 
 
The steam supply line to the RCIC turbine is part of the nuclear system process barrier.  
The Nuclear Steam Supply Shutoff System provides automatic isolation signals to 
isolate the RCIC System.  The isolation of the RCIC System when a leak is detected 
minimizes the release of radioactive material.   
 
The RCIC System will automatically isolate from any one of the following: 
 
• RCIC steam supply pressure low (57 psig) 
• RCIC steam line high differential pressure (291" H2O with a 3 second time delay) 
• RCIC steam line space temperature high (193ºF) 
• High pressure between the turbine exhaust rupture diaphragms (10 psig) 
• Manual (if the system has initiated on Level 2 or manually ) 
 
Once an isolation signal is generated, the following automatic actions occur: 
 
• The inboard and outboard steam supply isolation valves and warm up isolation 

valves close. 
• The RCIC turbine trips. 
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All the isolation signals must be manually reset. 
 
2.7.4.5 Automatic Turbine Trips 
 
High reactor vessel water level +56.5" (Level 8) will close the turbine steam supply 
valve but not the trip throttle valve.  This allows for an automatic restart of RCIC if the 
reactor level decreases to -38" (Level 2) again. 
 
The RCIC turbine is automatically tripped (shutdown), by closing the turbine trip throttle 
valve, to protect the physical integrity of the RCIC System.   
 
If any of the following conditions are detected, the RCIC turbine will automatically trip: 
 
• Turbine over speed 

o Electrical trip (110%) 
o Mechanical trip (125%). 

• Pump suction pressure low (15" Hg vacuum) 
• Turbine exhaust pressure high (50 psig). 
• Any isolation signal. 
• Manual. 
 
The minimum flow valve to the suppression pool also receives a close signal when the 
turbine trips.  The mechanical over speed trip must be manually reset at the turbine.  An 
isolation trip will not clear until the isolation logic has been manually reset.  All the other 
trip signals automatically reset.  Once the trip logic has been reset, the operator must 
manually reset the turbine trip throttle valve. 
 
2.7.4.6 System Interfaces 
 
A short discussion of interfaces this system has with other plant systems is given in the 
following paragraphs. 
 
Condensate Storage Tank 
 
The CST is the normal suction source for the RCIC System.  The CST is also used for 
full flow testing of the RCIC System. 
 
Main Steam System, (Section 2.5) 
 
The Main Steam System provides the RCIC System with steam from the 'A' main steam 
line. 
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Condensate Feedwater System, (Section 2.6) 
 
The RCIC System uses the 'A' feedwater line to inject water into the reactor vessel.  
Additionally steam supply piping condensate collects in a drain pot and flows to the 
main condenser through a drain trap. 
 
Suppression Pool 
 
The suppression pool is the alternate source of water for the RCIC pump and it 
condenses the turbine exhaust steam.  The RCIC pump minimum flow water is also 
routed to the suppression pool. 
 
High Pressure Coolant Injection System, (Section 10.1) 
 
The HPCI System backs up the RCIC System by supplying high pressure makeup to 
the reactor under isolation conditions.  Additionally, RCIC and HPCI share a CST 
suction line and a CST test return line. 
 
Nuclear Steam Supply Shutoff System (Section 4.4) 
 
The NSSSS provides signals to isolate the RCIC Steam supply isolation valves. In 
addition NSSSS provides the signal that closes the RCIC Turbine Exhaust Vacuum 
Breaker isolation valve on high drywell pressure concurrent with low RCIC steam line 
pressure. 
 
2.7.5 Summary 
 
The purpose of the Reactor Core Isolation Cooling (RCIC) System is to provide makeup 
water to the reactor vessel for core cooling.  RCIC performs this function when the main 
steam lines are isolated or the condensate and feedwater system is not available.  The 
RCIC system is capable of maintaining vessel inventory 15 minutes after a reactor 
shutdown.  The RCIC system is lined up such that it can initiate with a complete loss of 
AC power.   RCIC will automatically cycles between Level 2 and Level 8. 
 



 

 Figure 2.7-1 RCIC System 

 
 



 

 Figure 2.7-2 RCIC Turbine Trip and Throttle Valve 

 

 
  



 

 Figure 2.7-3 Turbine Control Diagram 
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